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SECTION I

INTRODUCTION

Statistical scatter factors to be used in the reliability

assessment of aircraft structures were evaluated. Two programs

were written for this purpose. The first program (A7701)

calculates the expected value of the reliability E[R'] (Eq.22),

the ratio E[R']/R where R is the assigned value of reliability,

the coefficient of variation VR, = aR,/E[R'] where the GR' =
{E[(R') 2] - (E[R']) 2 }½ is given in Eq. 23, and the corresponding

scatter factors from Eq. 6, S based on R and Sl based on E[R'].

The equation numbers correspond to equations in Volume I. The

calculations in the program A7701 were based on the criteria

that the shape parameter in the Weibull distribution is known

and the scale parameter is found by maximum likelihood estimation

(MLE). In the second program (A7720) the scatter factors are

estimated for the case where both the scale and the shape

parameters in the Weibull distribution are unknown. For this

purpose the Monte Carlo simulation technique is introduced.

The distributions of parameters u , v0 and Z defined in

Eqs. 32, 33, 36 respectively, are empirically estimated. This

program also calculates the two dimensional frequencies of u

and v 0 (Eqs. 28 and 29), the reliability ratio E[R"]/R, and

the coefficient of variation VR", = aR,,/E[R"] (CR"l =2

--1--



(E[R"]) 2} ) where E ]R"]and E[(R") I are obtained from Eq. 41.

The following sections of this document discuss these two

programs, the input data, and the output.

SECTION II

SCATTER FACTOR WITH KNOWN SHAPE PARAMETER (Program A7701)

A simplified flow chart of Program A7701 is shown in

Figure 1.

2.1 INPUT DATA

There are no input data cards used for this program.

The necessary data parameters need to be specified at the

beginning of the program through DATA statements. The input

parameters are as follows: AM = grid size indicating the fleet

size of aircraft; A = shape parameter in the Weibull distri-

bution; R = fleet reliability; NPT = number of division points

on the distribution of Z; DZ = increment size in the distri-

bution.

2.2 PROGRAM DESCRIPTION

Program A7701 consists of a main program unit and two

subroutines: GAMMA and SIMPN. The program listing is given

in Appendix A.
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START

01 SUBROUTINES

INPUT DATA [ ]

GAMMA FUNCTION GAMMA

R I

INTEGRATE EQ. 22 SIMPN
E[R']

INTEGRATE EQ. 23 SIMPN
E[(R')L] L J

STANDARD DEVIATION
of R'

COEFFICENT OF
VARIATION OF R'

SCATTER FACTOR
BASED ON R

SCATTER FACTOR
BASED ON E[R']

END

Figure 1. Simplified Flow Chart of Proqram A7701
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2.2.1 The Main Program Unit (A7701)

The main program unit calculates the expected value of

E[ R'] of R' from Eq. 22, the ratio E[R'] /R where R is given

as the input parameter, the variance VAR[R'] from Eqs. 22 and
22

23 as VAR[R'] = (yR,) =E [(R') 2 ]-(E [R'])2 andthe scatter factors,

S based on R and Si based on E[R'] . The values for the

Gamma function and the numerical integration necessary to

complete Eqs. 22 and 23 are obtained from subroutines

GAMMA and SIMPN.

2.2.2 Subroutine GAMMA (N, GA)

Subroutine GAMMA evaluates the Gamma function

r(n) = (n-l)! for specified positive integer values of n.

The arguments for this subroutine are:

N n, argument of the Gamma function

GA = output value of the Gamma function

2.2.3 Subroutine SIMPN (AF, NPOINT, DSTEP, AREA)

Subroutine SIMPN is a numerical integration routine which

utilizes Simpson's rule to obtain area for a specified function.

The arguments for this subroutine are:

AF = function to be integrated

NPOINT = number of points or subdivisions on the

function AF

DSTEP = integration step

AREA = area from the integral

-4-



2.3 PROGRAM OUTPUT

Program A7701 prints out the output as shown in Table 1.

TABLE 1. Results from Program A7701

SAMPLE SIZE N= 1

WEIBULL SHAPE A( 1)= o50000 INCREMENT ON Z DZ= .02500

FLEET RELIABILITY LEVEL R= .50000
E(R") = ,42468E+00 E(R")/R= .8493(E+00
VAR(R")= *66335E-01 STD = o25756E÷00

VR" = *60647E+00
FLEET SIZE S.F. BASED ON R S.F. BASED ON E(R")

M= 1. S= .10000E+01 $1= ,54490E+00
M= 3. S= ,90000E+01 S1= ,49041E+01
M= 5. S= o25000E÷02 S1= *13622E+02
M= 10. S= *10000E÷03 S1= *54490E+02
M= 25. S= ,b2500E+03 S1= 34056E+03
M= 100. S= °10000E+05 S1= *54490E÷04

M= 250. S= .62500E+05 S1= °3405bE÷05
M= 1000. S= ,10000E+07 S1= 54490E÷06

N = sample size in fatigue test; n in the text

A(l) = shape parameter a in Weibull distribution

DZ = increment size dz for numerical integration

R = fleet reliability level

E(R") = expected value of R'; E[R'] in Volume I

E(R")/R = reliability ratio; E[R'I/R in Volume I

VAR(R")= variance of R'

STD standard deviation of R'; a R,

VR" = coefficient of variation; VR, in Volume I

M = aircraft fleet size

S = scatter factor, S, based on R; from Eq. 6

Sl = scatter factor, S, based on E[R']; from Eq. 6

-5-



The output such as that shown in Table 1 was generated for

N = 1,2,..., 10; A = 0.5, 1, 2, 3, 4, 5, 10; R = 0.5, 0.6,

0.7, 0.8, 0.9, 0.99, 0.995, 0.999, 0.9999.

SECTION III

SCATTER FACTOR WITH UNKNOWN SHAPE AND SCALE PARAMETERS

(Program A7720)

A simplified flow chart of Program A7720 is shown in

Figure 2.

3.1 INPUT DATA

There are no input data cards used for this program.

The parameters are specified at the beginning of the program.

The input parameters are as follows: R = fleet reliability,

M = fleet size, NAM = classification ASCII code for results,

N = sample size in fatigue test; n in the text, NSMPL =

sample size in Monte Carlo simulation; N in the text, IO =

input/output peripheral device number, IX = internal parameter

in RANDU subroutine , NST = a lower bound in array N, NND =

an upper bound number in array N, NU = number of divisions on

u, NVO = number of divisions on v 0 , UU = upper cut-off value

on u, UVO = upper cut-off value on v 0 . The parameters u and

v0 are described in Volume I.

3.2 PROGRAM DESCRIPTION

Program A7720 consists of a main program and six

-6-



SUBROUTINES

START 1
INPUT DATA IJr I I

I I
VALUES FOR V*, U*, Vol U -- f SAMPL as DGEN 4-- RANDU I

SI I
DISTRIBUTION OF v -- LIST I

ASCEN

DISTRIBUTION OF u* ANS
0 LIST

SOFvo ___ ANSAsCEN I
DISTRIBUTION OF LIST

4ASCEN
DISTRIBUTION OF u L ANS I

I LIST I

I I
JOINT VALUES OF U AND v0 I
OUTSIDE SPECIFIED RANGE

4 I
JOINT FREQUENCY F (u,v) 0I
VALUES FOR w, Z 4 RANDU

DISTRIBUTION OF Z I ANS IASCEN
LIST

E[R"], VAR R" , GR,,, E [R"]/R,
VRV,, Q*

END

Figure 2. Simplified Flow Chart of Program A7720
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subroutines: SAMPL, ANS, RANDU, ASCEN, LIST and DGEN. The

program listing is given in Appendix B.

3.2.1 The Main Program Unit A7720

The main program unit calculates distributions of u,

v0 , u*, v* and Z where these parameters are defined by Eqs.

32, 33 and 36 respectively in Volume I. The two

dimensional frequencies of u and v 0 are obtained by utilizing

the Monte Carlo simulation procedure. The reliability

ratio E[R"]/R, the variance of R", VAR = E[ (R") 2 ] - (E[R"]) 2

the standard deviation of R", OaR, = (VAR) ½, and the coefficient

of variation VR,, = aR,,/E[R"I are calculated from Eq. 41.

3.2.2 Subroutine SAMPL (U, VO, VOS, IX, IY, N, NSMPL, 10)

Subroutine SAMPL is used to generate values for u, v0 and

v* by using the Maximum Likelihood Estimation (MLE) procedure.

The arguments for this subroutine are

U = u, output parameter

VO v 0 , output parameter

VOS = v0 , output parameter

IX = any odd integer less than nine digits

IY = internal parameter

N = sample size in fatigue test; n in Volume I

NSMPL = sample size in Monte Carlo simulation;

N in Volume I

1O = input/output peripheral device number
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3.2.3 Subroutine ANS (A, NSMPL, NS, IO, NAMI, NAM2, M)

Subroutine ANS is used to arrange the input data in

proper order and to print out the probability distribution.

The arguments for this subroutine are

A = input/output array

NSMPL = sample size in Monte Carlo simulation

NS = sample size

10 = input/output peripheral number

NAMI and NAM2 = classification parameters for the

results

M = internal program parameter, or fleet size

3.2.4 Subroutine RANDU (IX, IY, RAN)

Subroutine RANDU generates independent random numbers

uniformly distributed between 0 and 1. An odd integer,

IX, needs to be specified in the main program. By changing

IX, a new sequence of random numbers is generated. The

arguments for this subroutine are

IX = any odd integer less than 9 digits

IY = internal parameter in the program

RAN = output uniform random number between 0 and 1.

3.2.5 Subroutine ASCEN (S, NPT)

Subroutine ASCEN is used to rearrange given data in

ascending order. The arguments of this subroutine are

-9-



S = an arbitrary input/output array

NPT = total number of values in the array

3.2.6 Subroutine LIST (A, NPT, 1O, NAMI, NAM2)

Subroutine LIST is used for listing the input as a

probability distribution. The arguments of this subroutine

are

A = input data arrangedin ascending order

NPT = total number of values in array A

10 = output peripheral device number

NAMI and NAM2 = classification parameters for

the list

3.2.7 Subroutine DGEN (Y, N, IX, RAN)

Subroutine DGEN generates exponential random numbers

by utilizing a uniform distribution in subroutine RANDU.

The arguments of this subroutine are

Y = the exponential random number

N = index indicating the array of random numbers

IX = defined in RANDU

RAN = defined in RANDU

3.3 PROGRAM OUTPUT

Progam A7720 prints out the output as shown in

Tables 2 - 9.
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Table 2 Values for v*
0

DISTRIBUTION OF VO* FOk SAMPLE SIZE N: 3

SAMPLE NO.: 100 PROS: .0500 VO* : .6230149E-01
SAMPLE NO.: 200 PROB= .1000 VO* : .1618284E+oo
SAMPLE NO.: 300 PROB= .1500 VO* .2759731E+00
SAMPLE NO.= 400 PROB= .2000 VO* = .3760098E+00
SAMPLE NO.= 500 PROB= .2500 VO* : .4550813E+00
SAMPLE NO.= bOO PROB= .3000 VO* : .5341889E+00
SAMPLE NO.= 700 PROB= .3500 VO* = .60997b2E+oo
SAMPLE NO.= 800 PROB= .4000 VO* = .bb94087E+00
SAMPLE NO.= 900 PROB= .14500 VO* = .7882142E+00
SAMPLE NO.= 1000 PROH= .5000 VO* = .8803579E+00
SAMPLE NO.= 1100 PROB= .5500 VO* .9898615E+00
SAMPLE NO.= 1200 PROh= .6000 VO* .109034bE+01
SAMPLE NO.: 1300 PROB= .bSO0 VO* : .1214184E+01
SAMPLE NO.: 1400 PkUB= .7000 VO* : .1353251E+01
SAMPLE NO.: 1500 PROb= .7500 VO* : .1553896E+01
SAMPLE NO.= 1600 PROR= .8000 VO* : .1838503E+01
SAMPLE NO.= 1700 PROQ: .8500 VO* = .?36e058E+01
SAMPLE NO.: 1800 PROb= .9000 VO* : .3148309E+01
SAMPLE NO.: 1900 PROB= .9500 VO* = .5533883E+01
SAMPLE NO.= 1960 PWO6= .9800 VO* = .1426b15E+02
SAMPLE NO.= 1980 PROH= .9900 VO* : .3651022E+02
SAMPLE N•O.= 1990 PkOM= .9950 VO* : .8491725E+03
SAMPLE NO.= 1996 PROB= .9980 ý0* .1077416E+08
SAMPLE NO.: 1998 PkOb: .9990 VO* : .*7369510F+11
SAMPLE NO.= 1999 PROR= .9995 VO* = .2794072E+14

V0* = v*

0

SAMPLE NO. = a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB= plotting position
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Table 3 Values for u*

DISIRIBUIJON OF U* FOR SAMPLE SIZE N: 3

SAMPLE NO.: 100 PROB= .0500 U* : .1752809E+00
SAMPLE NO.: 200 PROH: .1000 U* .2507607E+00
SAMPLE NO.= 300 PR01B= .1500 U* : .3056521E+00
SAMPLE NO.= 4J00 PROP= .2000 U* : .3624199E+00
SAMPLE NO.: 500 PNOb= .?500 U* .4218L442E+00
SAMPLE NO.: 600 PROB: .3000 U* : .4834875E+00
SAMPLE. NO.: 700 PROR= .3500 U* = .539286b4E+00
SAMPLE NO.: 800 PRO(B: .4000 U* = .58I41478E+00
SAMPLE. NO.= 900 PROB= ,4500 0J* : .6247669E+00
SAMPLE NO.= 1000 PROH= .5000 U* = .6737654iE+00
SAMPLE NO.=: 1100 PROH= .5500 U* .73178411E+00
SAMPLE NO.= 1200 PROH: .6000 U* : .7828305E+00
SAMPLE NO.: 1300 PROP= ,t)500 U* : .8405L482E+00
SAMPLF NOR.= 100 PPOH= .7000 U* .9040222E+00
SAMPLE ,,.: 1500 PRO()f: .7500 U* .9801127E+00
SAMPLE NO.= 1600 PP06= .8000 0* = .10S55649E+01
SAMPLE NO.: 1700 PROpH= .8500 U* = .1151112E+01
SAMPLE NO.= 1800 PkOH= .9000 0* = .1286268E+01
SAMPLE NiO.= 1900 POP:= .9500 LJ* : .1554L481E+01
SAIAPLE r\O.= 19b0 PPOH= .9800 0* .1'768360E+01
SAMPL E \jO. 1980 PROB:= .9900 L* : .1902801F+01
SAMPLE NO.= 1990 PqOR= .9950 0* .2182300E+01
SAMPLE NO.= 1996 PROb= .9980 U* : .2475547E+01
SAmPLF N0.= 1998 PP(H = .9990 Lj* .2891182E+01
SA MPLE NO.= 1999 PPkHI: .9995 U* = .2940728E+01

U* = U*

SAMPLE NO. = a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position
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Table 4 Values for v 0

DISTRIBUTION OF VO FOR SAMPLE SIZE N= 3

SAMPLE NO.: 100 PROB: .0500 VO : .2622875E+00
SAMPLE NU.: 200 PROF3: .1000 Va : .3662845E+00
SAMPLE Nt).= 300 PIOB: .1500 VO : .4307703E+00
SAMPLE NO.: 400 PROH: .2000 V0 : .5051354E+00
SAMPLE No.= 500 PRO= .?50() VO : .5794380E+00
SAMPLE NO.= b00 PROR= .3000 VO .6b378933E+O0
SAMPLE NO.: 700 PROB: .3500 VO : .7064241E+00
SAMPLE NO.= 800 POMH= .400m VO .7713822E+00
SA MPLE LFNH. = 900 P ROH= .4500 VO : .8326998E+00
SAMPLE NO.= 1000 PkOS= .5000 Vo .91S44175E+00
SAMPLE NO.= 1100 PRO8= .5500 VO : .9893186E+00
SAMPLE NO.: 1200 PkOB= .6000 VO : .1065538E+01
SAMPLE NO.= 1300 POlH= .6500 VO : .1138658E+01
SA MPLE I,(,.= 1400 PROj) = .7000 VO .1228765E+01
SA MPLE NO .: 1500 PlOB•: .7500 VO : .1328854E+01
SA'4PLF rNO: 1600 PRO: .8000 VO : .1467891E+01
SAMPLE N-1 .= 1700 P•OH= .e500 VO .1b00763E+01
SAM PLE N b.= 1800 P P 0,H = .9000 VO .1801288E+01
SAMPLE NO.= 1900 PROH= .9500 s0 : .2160133E*01
SAAMPL E NOO.= 1960 PRkOMH= .9800 VO .2542941E+01
SA"'iPLE NO.= 1980 PlRjh= .99O0 VO : .2943889E+01
SAMPLE 'q1,.= 1990 PRDH: .9950 VO : .33074?1E+01
SAM4PLE (%:L).= 199t PPRJ8= .9980 VO .3b59089E+01
SAMýPLE NO.= 1998 PROH= .9990 VO : .3849936E+01
SAMPLE Nl,.= 1994 PpOh= .9995 V0 = .4230345E+01

V0 = v 0

SAMPLE NO. a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position
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Table 5 Values for u

DISTRJHU I ON OF U FOP SAMPLE SIZE U= 3

SAMPLE NO.= 100 PPO3.= .0500 U - .6433014E+00
SAMPLE NO.= 200 POSt= .1000 U - .7177L431E+00
SAMPLE NU.= 300 PR)ij = . Ir00 u - .8687?49E+00
SAMPLE NO.= 400 PHOH= .2)00() U 94728142E+00
SAMPLE• NE . 500 .= O P)B= . ?00 O U .1C)20291E+01
SAMPLE NO.- 600 PRO B= .3000 UL - .I10b168E+01
SAMPLE NO.: 700 PRO-ih= .3500 .. .1189700E+01
SAMPLE NO.- = 00 PkOrm .44000 tU L) .1277416E+01
SAMPLE NO.= 900 PFROH- .4500 U 0 .1366523E+01
SAMPLE NO.= 1000 Pk0H= b .5000 U : .1484196F+01
SAMPLE NO.= 1100 PFROH: .5500 U .1600597E+01
SAMPLE NO.= 1200 PROH= .b000 U .1711895E+01
SAMPLE NO.: 1300 PRO-- .6500 z - .1854302E+01
SAMPLE NO.= 14O0 PROH= .7000 U ) .2068305E+01
SAMPLE NO.= 1500 PRFOH= .7500 UL .?3705b43E+01
SAMPLE NO.: lbO0 PkOB- .8000 U = .2759230E+01
SAMPLE NO.= 1700 PROH: .8500 U : .3271693E+01
SAMPLE NO.= 1800 PPOB .9000 0 - .3987866E+01
SAMPLE NO.: 1900 PRP,)= .9500 ) : .5705129E+01
SAMPLE NO.: 1960 PPO:= .9800 U l - .IOO1000E+0,
SAMPLE NO.:= 1980 PRO83- .9900 U .,1581000E+(12
SAMPLE NO.= 1990 PkOH- .995U U .2361000E+0?
SAMPLE NO.= 1996 PRI]F= .9980 0 ., 4441000)E+02
SAMPLE NO.= 1996 P R(p03- .9990 L1 - .198u998E+0?
SAMPLE NO=. 1999 P k087- .9995 U = .7980998E+02

U= u

SAMPLE NO. = a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position
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Table 6. Joint Values of u and v 0 outside the Specified
Ranges UU or UVO

N= 3 NSMPL= 1999 IX= 25()7

NU: 50 NV0: ?0 UU: 25.0000 UV0: 5.0000 (t)U= .5000 Dv0= .2500

OUTLIERS EITHER IN U OP IN V0

U= .4•FJ'1+02 VO= .2682E+00 J= 89 1= 2
Uj .3981H+0? VO= .6b55E+00 J= 80 1:
U= .2641E+02 VO= .1355E+01 J= 53 I= 6
U= .3221E+02 VO= .1653E+01 J= 65 I= 7
U= .2bal++02 VO= .5826E+00 J= 53 1= 3
U: .6361E+02 VO: .6945LE+00 J: 128 1: 3
U= .7981E+02 VO0 .14*74JE_+01 J= 160 1= 6
Ii: .7981E+02 VO: .6705F+00 J: 1o0 1= 3

N = sample size in fatigue test; n in Volume I

NSMPL = sample size in Monte Carlo simulation;
N in Volume I

IX = defined in RANDU

I, J = array of numbers

NU = number of divisions on u

NVO = number of divisions on v0

UU = upper cut-off for u

UVO = upper cut-off for v0

DU = increment on u, DU = UU/NU

DV0 = increment on v 0 , DVQ= UV0/NV0

U u

VO = v0

-15-



Table 7. Joint Frequency of u and v 0 , F(u, vO)

F(U0VO) , F !- S A PLE SIZE N= 3
U AS C-OLUIiNo, ANI) V0 A5 S[v:

1 b 3 1 1 1 0 0 0 0 0 0 0 0 0 030 10' f9 82 59 46 19 16 5 i 2 0 ? 1 0 022 64 9b 10? 90 61 U4 17 17 1i '4 0 2 2 1 0II uh 6b8 b4 57 33 33 ?1 10 i1 6 3 1 0 1 05 P5 ?) 29 3a 18 14 12 3 6 3 0 1 0 0 05 1.1 ?0 1 ?P 12 11 8 4 3 1 1 1 0 1 13 13 e7 14 12 4 13 5 4 1 0 0 0 0 0 03 h 11 1.2 5 8 3 3 1 3 1 0 1 0 0 01 41 10 10 6 .3 3 2 2 0 0 1 0 0 0 0P 31 3 4 6 1 1 0 1 0 0 0 0 0 0 0.1 1 3 3 3 1 1 0 2 0 0 0 0 0 0u 1 2 5 3 2 2 1 0 0 0 0 0 0 0 01 2 3 3 1 2 1 0 1 0 1 0 0 0 0 0o 1 2 ? 3 1 1 0 0 0 0 0 0 1 0 00 0 2 ? 1 0 1 0 0 0 0 0 0 0 0 00 0 1 2 1 0 0 1 0 0 0 0 0 0 0 0U 1 I ? 1 0 0 0 0 0 0 0 0 0 0 00 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0U 0 1 0 2 1 0 0 0 0 0 1 0 0 0 00 0 1 0 0 0 0 0 0 0 0 0 0 0 0 00 ) 1 1 0 0 0 1 0 0 0 0 0 0 0 01 0 U ? 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 1 0 0 0 1 0 0 0 0 0 0 00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0O 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0U 1 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 0 0 0 0 0 0 0 0 0 0 00 0 1 1 0 0 0 0 0 0 0 0 0 0 1 00 1 0 0 o 0 0 0 0 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 1 1 0 0 0 0 0 0 0 0 0 0 00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 00 3 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 1 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 2 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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Table 8 Values for Z

DIST IL IH T I ON 1iF 7 FfO FLPEL SHZE I1

SAMPLE. r.=.: 100 Pk0Hk: .0500 1 Z =-.1527202E+01
SArMPLt NC.= 200 PP0t= .1000 Z = -. 8b81633E+00
SAMPLE NO.= 300 Pp[,•= .1500 Z =-.60385?3E+00
SA MPLF fv(.= u0O PRbiH: .?000 Z =-.41535508F+00
SAMPLE NO.= 500 IdJH = .?500 Z = -. 305964F+00
SAmPLE. NO.= 600 PPfFj= .3000 Z = -. 2223126E+00
SAMPLE Nt'.= 700 P ý'QH .3500 Z = -. 1005370E+00
SAMPLE K0,.= 600 PkI:= .Q00 Q Z = -. 1083520E-01
SAMPLE 9I,: 900 PNOC4= .4500 Z .9215?2E-01
SAMPL L.F.: 1000 P1wIH:= .5000 Z = .1713842E,00
SAMPLE NU .: 1100 P kQ H: .5500 Z = .2748846E+00
SAMPLE N11.= 1200 PkOh= t .,000 Z = .3893840E+00
SAmPLE i,&.= 1300 PI'Oi= .t500 Z : .5239•'0E+00
S•AMPLE f,.= Iuo0 P k (U = .7000 7 : .6791728E.+00
SAMPLE 6-0.= 1500 PRUH= .7500 Z = .87807?0E+00
SAMPLt !v0.:= 1b00 PIP08 . P00(0 7 0 .71147b60L+01
S A MPLE .' .= 1700 P Hj()= .b500 7 = .11417387E+01
S A1P L F NO. = 1800 1,P 0 8 .9000 Z .189'4801E+01
SAMPLE '9,.= 1900 PR0p= .950(0 Z = .311075?E+01
S A 11 P L E ,-L) . = 1960 PROH- .9b00 Z .4b574301E+01
SA"APLE ,,.= 9 19 0 PRt0H= .9900 Z = .6106614E+01
SA mlPL E i :. 1990 PZOti ..95O 7 - o7769789•+01
SAAPLE rEIU = 1996 P Rla0 .9H0 = 7 .?141146E÷02
SAMPLE u, ,.= 1991 R0 8= .9990 Z .275S857F+02
SAMPLE rku.- 1999 P;r10= .99Q5 L : .2951978E+02

Z Z

M = aircraft fleet size

SAMPLE NO. = a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB= plotting position
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Table 9 Expected Value, Variance, Standard Deviation,
Reliability Ratio, and Coefficient of Variation of R".

3 P'SN'PL= 1(.994 ~

E (R"f") Vw 5T 0 E (Rw"') /R V H""l QS

. 0 0( .Uý7 .1•1 .c 0/ .9757 .14318 .13947E+01
.6000 .57(i7 .1L'31 .?07b .951? .3637 .21136E+01
.70u0 .05c?0 .03h? .1903 .9315 .d9`18 .3a182E+01
.P000 .7323 .029b .17?0 .9153 .2349 .b6S077E+01
.9000 .*)ý73 .0174 . +13?0 .908? .b161 .16770E+02
.9500 .8W~1 .01o8 .10"0 .91,3 .1198 .38769E+02
.49o( .9?2% .OO07 .0689 .9374 .0743 .25341E+03
.99)() .9t3/ .00 0 .04149 .9b47 .0465 .49613E+04

.49 0Hi .0013 .03bt6 .9785 .0364 .314388E+05

N = sample size in fatigue test; n in Volume I

NSMPL = sample size in Monte Carlo simulation;
N in Volume I

M = aircraft fleet size

R = assigned reliability values

E(R""). expected values of R" obtained from Eq. 41.

2 2 1VAR = E[L(R") - R"], variance of R" in Volume I

STD = aR"' standard deviation of R" in Volume I

E(R'"")/R= reliability ratio

VR ,,,, coefficient of variation of R", STD/E[R"] in Volume I

QS = Q* in Volume I
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Appendix A

PROGRAM A7701( OUTPUT, TAPE6=OUTPUT)
C PURPOSE
C SCATTER FACTOR CALCULATION
C WITH KNOWN WEIBULL SHAPE PARAMETER.
C DESCRIPTION OF THE PROGRAM
C THIS PROGRAM CALCULATES E(R"), E(R")/R,
C VAR(R"), VR" FOR GIVE4 WEIBULL SHAPE PARAMETER A
C SAMPLE SIZE N, FLEET SIZE AM* AND RELIABILITY LEVEL R.
C IT ALSO CALCULATES CORRESPONDING SCATTER FACTORS
C S BASED ON R AND SI BASED ON E(R").
C REMARKS
C INTEGRATION TO GET E(R") AND E((R")**2) IS CARRIED
C OUT BY SIMPSON"S METHOD.
C DATE 7/16/1977
C

DIMENSION X(1000)gA(50),CV(50)tSTD(50)oZ(1000),NN(50)
DIMENSION XX(1000)tR(50) ERR(50)gARG3(1000),ARG2(1000)
DIMENSION AM(50)qANZA(I000),VAR(50)

C
C ASSIGNMENT OF SPECIFIED ARRAY INPUT DATA.
C A4= FLEET SIZE
C A= WEIBULL SHAPE PARA4ETER
C R= SPECIFIED RELIABILITY LEVEL
C NN= SAMPLE SIZE

DATA AM/I*,3.,5.,10.,25.9100.,250.91000./
DATA A/0.5,l..2.93.94.9••.910./
DATA R/0.5,O.690.7,0.8 0.9,0.99,0.995,0.999,0.9999/
DATA NN/1 2,3,4.5,697,899 10.20/

C
C ASSIGNMENT OF ARRAY SIZE TO BE USED (UP TO 50).
C IN -- FOR SAMPLE SIZE NN
C IM -- FOR FLEET SIZE AM
C IA -- FOR WEIBULL SHAPE A
C IR -- FOR FLEET RELIABILITY
C

IN=It
IM=8

IA=7
IR=9

C
C TO SPECIFY OUTPUT PERIPAERAL NUMBER 10.

I0=6
C
C TO SPECIFY NUMBER OF INCREMENTS NPT FOR SIMPSON"S
C NUMERICAL INTEGRATION (JP TO 1000).
C USE NPT=400 IN THIS PROGRAM.

NPT=400
NPT1=NPT-1

C
C TO CALCULATE FOR EACH SAMPLE SIZE N.

280 DO 200 JN=1,IN
N=NN(JN)
AN=FLOAT(N)
AN1=1./AN
N2=2*N
ANN=AN**N
CALL GAMMA (N.GA)



C
C TO CALCULATE FOR EACH WEIBULL SHAPE PARAMETER A,

DO 90 K=19IA
DZ=0. 025
IF (K .GEo 3) DZ=0.01
PRINT 259 NK9A(K),DZ

25 FORMAT(1H1/////5X,* SAM;)LE SIZE N=*,15//
15x,* WEIBULL SHAPE A(*,13,*)=*,F1O.5,
25X,* INCREMENT ON Z DZ=*,F1O*5/)
AI= I. /A (K)
AKN1=A (K) *ANN/GA
ATN1=A (K) *AN-1.

C
C TO CALCULATE FOR EACH RELIA3ILITY LEVEL R.

DO 50 L=19IR
RR=ALOG(R(L))
PRINT 1109 R(L)

110 FORMAT(/5X,* FLEET RELIABILITY LEVEL R=*,F1O.5)
C
C TO CALCULATE ARGUMENTS IN EQS.(22) AND (23)
C BY USING DENSITY FUNCTI)N OF Z.

D0 60 I1,NPT
IF (L. GT. 1) GO TO 40
Z (I)=FLOAT (I) *DZ
ARG2 (I)=-AN*Z (I) **A (K)
IF (ARG2-(I) .LT. -100.) GO TO 40
ARG3(I)=AKN1*Z(I)**ATNI*EX(P(ARG2(I))
ANZA (I)=AN*Z (I) **A (K)

40 IF (ARG2(I) .LT, -100.) GO TO 30
ARG=lo/(1.-RR/ANZA(I))

80 X(I)=ARG**N*ARG3(I)
~XX(I) =X (I) *ARG**N
GO TO 60

30 X(I)=0.
XX (I) =0.

60 CONTINUE
C
C TO PERFORM INTEGRATION TO ESTIMATE E(R") AND E(URI)**2)o

CALL SIMPN(XNPT1,DZAR;-A)
CALL SIMPN(XXgNPT1,DZAREX)

C
C TO CALCULATE E(R")/R, VAR(R'), STO(=STANDARD DEVIATION),
C AND VR"(=COEFFICIENT OF VARIATION) AND ALSO PRINT OUT.

ERR (L) =AREA/R (L)
VAR(L) =AREX-AREA**2
IF(VAR(L) .LT.0o) VAR(L)0O.
STD(L)=SQRT(VAR(L))
CV (L)=STD(L) /AREA
PRINT 109 AREA9ERR(L),VARCL),STD(L),CVCL)

10 FORMAT (9X,*E (Rll) =*,E1?.55,X,*E (R")/R=*,oE12e5/
19X,*VAR (R')=*,El2.5,5X,*STO =*gE12.5/
29Xv*VRlI =*gE12*5/
318X,*FLEET SIZE*,5X,*S*F* BASED ON R*,4X,
4*SoF. BASED ON E(R")*)

C
C TO CALCULATE SCATTER FACTORS S BASED ON R
C AND Si BASED ON ECR") FDR EACH FLEET SIZE.
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DO 70 J=1,IM
S1=(AM(J)/(AN*(1./AREA**AN1-1.)))**AI

PRINT 120, AM(J),SSS1
120 FORP4AT(l7X,* M=*,F6*O,7X,*S= *gE129594X9*Sl= *tE12.5)
70 CONTINUE
50 CONTINUE
90 CONTINUE.

200 CONTINUE
STOP
END

SUBROUTINE GAMMA(NGA)
C TO CALCULATE GAh4rA FUNCTION*
C USE FACTORIAL RELATIONS'IIP SINCE N IS
C AN INTEGER IN EVERY CASE*
C N MUST BE LESS THAN 50.
C

GAL.O0
IF(N.EG.1) RETURN
N1=N-1
Do 10 11,qNl

10 GA=GA*FLOAT(I)
RETURN
END

SUBROUTINE SIMPN (AF ,NPZ3INT9DSTEP, AREA)
DIMENSION AF(1)

C
C TO CARRY OUT INTEGRATIO4 FOR GIVEN VALUES OF
C FUNCTION AF.

NP=(NPOINT-1) /2
MN=NP-1
ODD=O.
EVEN=0.
END=AF (1) .AF (NPDINT)
DO 10 I=19NP

10 ODD=ODD+AF(2*I)
Do 20 I=1,MN

20 EVEN=EVEN+AFC2*I,1)
AREA=C4.0*ODD+2.0*EVENEND) *DSTEP/3.O
RETURN
END
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Appendix B

PROGRAM A7720 (OUTPUT, TAPES=OUTPUT)
C PURPOSE
C SCATTER FACTOR CALCULATION
C WITH UNKNOWN WEIBULL SHAPE AND SCALE PARAMETERS.
C DESCRIPTION OF THE PROGRAM
C THIS PROGRAM FIRST GENERATES NSMPL NUMBER OF
C SAMPLE SETS OF SIZE N FOR U9 U•, VO AND VO*,
C AND THEN CALCULATES TlEIR PROBABILITY DISTRIBUTION
C AS wELL AS JOINT DENSITY F(UVO).
C SECOND, IT CALCULATES PROBABILITY DISTRIBUTION
C OF Z FOR SAMPLE SIZE N AND FLEET SIZE M BY GENERATING
C CORRESPONDING SAMPLES OF W.
C IT FINALLY CALCULATES E(R"). VAR(R"), VR'. E(R")/R AND U*.
C REMARKS
C IN THE PROGRAM, "*" IS REPLACED BY S"", EXAMPLE9 U*=US.
C DATE 10/25/77
C

DIMENSION U(1999),VO(1999),VOS(1999),Z(1999)
DIMENSION NVOIJ(20950),N(9),}4(8),N(1O),NAM(6)
EQUIVALENCE (VOS9Z)

C
C ASSIGNMENT OF SPECIFIED ARRAY INPUT DATA.
C N= SAMPLE SIZE.
C M= FLEET SIZE.
C R= SPECIFIED RELIABILITY LEVEL.
C NAM= UATA CLASSIFICATION ASCII CODE.

DATA N/2,3,4,5,6,7,B9,910,20/
DATA 4/1,3,5,10,25,1009250,1000/
DATA R/O.5,0.bO0.7O0..,0.990.95,0.99,0.999, 0.9999/
DATA NAM/2HU ,2H ,2HU*,2HVO,2H* ,2HZ /

C
C INPUT DATA ASSIGNMENT.
C NSMPL= NUMBER OF SAMPE SETS OF SIZE N.
C IX= INITIAL VALUES FOR UNIFORM RANDOM NUMBER
C GENERATION SUBROUTINE RANDU(IXIYRAN).
C NST AND NND= CONTROL DARAMETER FOR DO-LOOP CALCULATION
C FOR EACH SAMPLE SIZE N.
C NST= LOWER BOUND NUMBER IN ARRAY N.
C NND= UPPER BOUND NUMBER IN ARRAY N.
C NJ= ARRAY SIZE FOR U.
C NVO= ARRAY SIZE FOR VO.
C UU= UPPER CUT-OFF VALJE FOR U.
C UVO= UPPER CUT-OFF VAUE FOR VO.
C LU AND 10= SELECT CODES OF DATA INPUT/OUTPUT PERIPHERAL.
C

NSMPL=1999
IX=23451
NST=l
NND=10
NU=50
NVO=20
UU=25.
UVO=5.

C
C CALCULATION FOR EACH SAMPLE SIZE N(KN)

FNSMP1=FLOAT(NSMPL+1)
FNSMP?=I.u/FNSMPI
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Do 100 KN=NSTgNND
NS=NJ(KN)

C
C To GENERATE NSMPL NUMBER OF SAMPLE SETS OF SIZE N
C FOR U, V0, AND VO*.

CALL SAMPL CU9VO.VOSIXNSNSMPL, 10)
C
C TO CALCULATE PROBABILITY DISTRIBUTION OF VO*
C By ARRANGING IN ASCEND4LING ORDER.

CALL ANS(V0SNSMPLNSI3,NA~4(4),NAM(5),0)
C
C TO CALCULATE PROBABILITY DISTRIBUTION OF U*.
C 8ECAUSE OF LIMITTED MEMDRY SIZE OF THE COMPUTER USED,
C AND BECAUSE OF VALUES U AND V() TO BE RESERVED FOR
C CALCULATION OF Zq ARRAY VOS IS USED AS COMMON ARRAY.

00 110 1=1,NSMPL
110 VOS (I) =1./U (I)

CALL ANS(V0SNSMPLNSI0.NAM1(3),NAM(2),0)
C
C TO CALCULATE PROBA81LITY DISTRIBUTION OF VO.

DO 120 I=1,NSMPL

CALL ANS(VOSNSMPLNSIONAM(4),NAM(2),0)
C
C TO CALCULATE PROBABILITY DISTRIBUTION OF U.

DO 130 I=1,NSMPL
130 VOS(I)=U(I)

CALL ANS(VOS ,NSMPLNSIDNAM(1),NAMC2)90)
C
C TO CALCULATE JOINT DENSITY F(UVO), E(NH), VAR(H"),
C VR"q E(PR")/Rg AND Q*.
C

DU=UU/FLOAI (NU)
DVO=UVO/FLOAT (NVO)
DO 150 J=19NU
DO 150 I=1,NVO
NVOJ (I J)=0

150 CONTINUE
C
C TO PRINT OUT NECESSARY INFORMATIONS FOR CHECK PURPOSE

WkITE (6,600) NSNSMPL9IK
600 FORMAT(lH1/////5X,* N=*9159* NSMPL=*,159* IX=*,120)

WRI TE(6,610) NUJNV0,1JJJV0q,)tJDV0
610 FORMAT(/5X.,* NU=*,15,* NVO=**IS,* UU=*,F8*4,* UVO=*,

1FH'8t,* OJ=*,FB.4,* D)V0=*, FHi4//)
WRITE (6,611)

611 FORMiAT(/5X,* OUTLIERS EITHER IN U OR IN VO*/)
00 160 K=1,NSMPL
J= IF IX(U (K) IOU) .1
I = IF IX(V 0(K) /9V)U ) +
IF ( J.LE.NUJ .ANV. I.LE.NVO) GO TO 10

C
C TO PRINT OUT OUTLIERS EITHER IN U OR VO
C FROml THE PqE-OEFINED RANGE.

*vRITE(6963u) U)(K),VO(K),JI
630 FOP'iAT( 6;X,* tJ=*,pEI2.4,3X,* V0=*,E12.4,3X,* J=*,16,3XP
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IFCJ.GT.NU) J=NU
IF(I.GI.NVO) I=NVO

10 NVOU( I.J)=NVOU( Ij) .
160 CON TI NUE

C TO PRINT OUT JOINT FREQUENCY F(UVO).
C JOINT FREQUENCY F(U,V0) IS LISTED WITHt 0 AS COLUMN,
C AND VO AS Row.

WkITE(69640) NS

640 FOR4AT(1I-11/////5X,* F(UVO) FOR SAMPLE SIZE N=*,15/
1SX9* U AS COLUMN, AND VO AS ROW.*/)
WRITE(b,650) NVOU

650 FOR4AT(20(1XI3))
C
C FOR BRIEF VERSION OF LISTINS OF F(UVO).

wRITE(b,64U) NS
DO 170 J=1940
WRITE(69660) ( NV0UCIJ)sI=1916)

660 FORIAT(6X,16(1K,13))
170 CONTINUEz

C
C TO CALCULATE DISTR1i3UTI3N UF Z FOR EACH FLEET SIZE,
C SAME INITIAL VALUES FOR UNIFORM RANDOM NUMBER
C GENERATION SHALL BE USE) FOR EACH CASE OF FLEET SIZE.

IXS=IX
00 200 KK=1,8
M'M=M(KK)

FM=FLOAT (MM)
FNS=FLOAT(NSMPL) +1.
IX=IXS
DO 210 I=19NSMPL
CALL RANDU (IXqIYqNAN)
IX=IY
W=-ALOG (RAN) /FM
VOW=VO (I) /W
IF (VOW *LT. 1.E-10) VOW=1.E-10
Z (I)=U (I) *ALOGlO (VOW)

210 CONTINUE
C
C CALCULATE DISTRIBUTION DF Z FOR EACH FLEET SIZE

CALL ANS(ZNSMPLNSIONAM(6,),NAM(2),Mm)
C
C TO DEFINE THE CASE CALCJLATED.

WRITE (6,670) NSNSMPLMM
670 FOR4AT(IH1///5X,* N=*,I5,* NSMPL=*,I6,* M=*,16)

WR I E (69680)
680 FOR4AT(//BX,* R*,7X,* E(R'*,*'I)*,3X,* VAR*,6X,

1* STD*,3,(,* E(RIO*,*b)/R*,1X,* VRSS*,*S*,7X,* QS*/)
C
C TO ESTIMATE E(R")q V4(4106), VR"q E(R')/Rg AND Q*9

DO 300 K=199
FMALR=FM/ALOG(1./R(K))
ERO * 0
VAR=O.0
DU2=DU/2.
DV02=DVO/2.
DO 310 J=1,NU
00 320 I=loNVO
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IF' (NVOU(I.J) *EQ* 0) G3 TO 320
lJX=FLOAI (J)*DUJ-IiU?
V0%X=F'LOA r 1)*Dv0-Dvo2
PAR4=V0X*Fm1ALR
ZO=JX*ALOGlO (PA1RM)
PAR2=FLOAT(NVOU(IoJ) )/F'NS
DO 330 L=19NSiPL
IF (70 .LE. Z(L)) GO TO 20

340 CONTINUE
20 FZ=FLOAT (L) /FNS

FZ?=FZ**2
ER=ER+FZ*PAR2
VAR=VAP+FZ2*PAR2

3e0 CONIINUE
,310 CONTINUE

VAR=VAR-EN**2
STD=SQRT (VAR)
CV=STD/ER
IRATIO=ER/R (K)

7 FR=P ~*FIN Sm~P1
IZ7= IF IX (7ER)
IZ1=Iz+1
FIZ=FLOAT (IZ) /FNSMP1
ZANS=Z(IZ)+(ER-FIZ)*(Z(IZI)-Z(IZ))/FNSMP2
QS=10 .**ZANS
WRITE(696'90) RIK) ,ERqVA~qSr)RATIO9CVqQS

690 FORMAT (b~,bF9.'+,1XE12*5)
300 CONTINUE
?U0 CONTINUE
100 CONTINUE

S T 0,
E N 1

SUL1~()UTINE ANS (ANSMPL, NS9 I ~NAM1 ,NAM2*M)
DIMENSION A(l)

C TO PRINT OUT* PROBABILITY DISTRIBUTION
C FOR GIVEN ARRAY A.

CALL ASCEN (AoNSMPL)
IF (M *EQ. 0) GO TO 10
WRI1F (69 100) NAM1 .NAM294'

100 FORiAT(IHI/////bXg* DISTRIdJTION OF *92A29
1* FOR FLEET SIZE M=*,Ib//)

GO TO 20
10 wRIrE(69110) NAM19NAM2,NS

110 FORMAT(lH1//////5X,* DISTRIBJTIQN OF *92A2,
1* FOR SAMPLE SIZE N=*,I,//)

20 CALL LIST (A9NSMPLIONAMlNAM2)
RETJR-N
EN D
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SUBROUTINE LIST (AqNPTI~,NA4i1,NAM2)
DIMENSION A~i) ,P(6)

C
C TO LIST CORRESPONDING REALIZATION VALUES FOR
C SPECIFIC PROBABILITY LEVELS&
C

DATA P/0,98.0,99,O.99tj,0.99B,0.9999,0.9995/
NPT1=NPT.1
ANPTI=FLOAT (NPT1)
ND (NPT+1 )/20
IF (ND .LT. 1) ND=1
DO 10 I=NDNPToND
PROB=FLOAT (I) /ANPT1
WRITE (6,100) IgPROBoNAM19NA12,A (I)

10 CONTINUE
DO 20 1=196
J=IFIX(ANpri*P(i))
WRITE(69100) JP(I) ,NAM1,NA412,A(J)
IF(J*EU*NPT) GO TO 30

20 CONTINUE
100 FOR~4AT(5X9* SAMPLE NO.*=*95,3X,* PROd=*,F7.493X,

12A29* =*oE14*7)
30 RETJRN

END

SUBR~OUTINE ASCEN(S*NPT)
DIMENSION S(1)

C
C TO ARRANGE GIVEN ARRAY S IN ASCENDING OROER

IF (NPT *LT* 2) RETURN
N2=NPT/2
DO 20 J=1,N2
mm=,JPT-J+ 1
K=j
M=Mm~
Do 10 I=JMM
IF (S(I) .LT. S(K)) K=I
IF (S(I) .(3T. 50'4)) M=1

10 CONTINUE
C TEST FOR J=K

IF (J .NE. K) GO TO 50
IF (M'4 FEC.. M) GO TO 20
TEMP=S(M)
SCM) S (MM)
S (M1) =TEMP
GO TO 20

C TEST FOR MM=M
50 IF (MM1 *NE, M) GO TO b0

TEMP=S (J)
S(J) S(K)
S (K)=TEMP
60 TO 20

60 IF (J E-9, M) GO TO 30
C J=gM=

TEMP=S (J)
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S (J) =S(K)
S (K) =TEMP
TEMP1=S (MM)
S (MM) =S (M)
S (M) =TEMP1I
GO TO 20

30 IF(4M oECg. K) (60 TO 40
C J=M

TEMýý1=S (MM)
S(MM) =S (s)
SCM) =TEMP1
TEMP=S (J)
S(J) =S(K)
S(K)=TEMP
GO TO ýe0

C J=M,MM=K
40 TEMP=S(J)

S(J) S(MM)
S(M1) =TEMP

eQ CONTINUE
RETIURN
END

SUBROUJTINE SAMPL (UV0qV~JS, IX*NNSMPL9IO)
OIME:NSION 0J(1) VO(1) ,VOS(1) ,Y(?0) ,NAN(20) ,ALY(20)

C
C TO GENJERATE NSMPL NUMBER OF SAMPLE SETS OF SIZE N
C FOR Ug VO AND VO*.
C SAMPLE SIZE N MUST BE LESS THAN OR EQUAL TO 20 FOR
C MINI-COMPUTER,

DU=0. 2
NPT=4O0
DO 100 L=19NSMPL
CALL OGEN(YqNIXqRAN)
KASE=0
PAR5=0.
DO 110 I=1,N
ALY (I)=ALUL,(Y (I))
PAR5=PAR5+ALY (I)

110 CONTINUE
PAR5=PAR5/FLOAT (N)
tiMIN~=0 *01

C
C FIND THEI SOLUTION OF PH-I(U) IN MLE EQUATION.

DO 120 J=1,NPT
U1=FLOAT (J-1 )*OLJ+UMIN

10 PAR1=0.
PAR?=0.
00 130 1=19N
YIU=Y(I) **UJl
PAR1=PARI+YIU*ALY ( )
PAR2=PAR2+YIU

130 CONTINUE
PHI 2=PARl/PAR2-1 ./U1-PAR5
IF (AFHS(PH12).LT. 0.001) GO0TO20
IF (J *EQ. 1) 630 TO 30
IF (KASE .EQ* 1) GO TO 20
IF (PHIl .GTo 0.) GO TO 40
IF (PH12 .LT. 0.) GO TO 30
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GO TO 50
,+0 IF (PHI .GiT. 0.) GO TO 30
50 UI=J1-PHI2/(PHI2-PHII)*)U

KASE=l
GO TO 10

C
30 PHII=PHI?

120 CONTINUE
20 U(L)=U1

US:I./Ul
VOS(L)=PAR2/FLOAT(N)
UVO=US*ALOG1O(VOS(L))
IF (UVO .Gr. -30.) GO T3 60
VO(L)=O.
GO TO I00

60 IF (UVO .LT. 30.) GO TO 70
VO(L)=I.E30
GO TO 100

70 VO(L)=VOS(L)**US
C

100 CONTINUE

RETURN
END

SUBROUTINE DGEN(YNIX, SAN)
DIMENSIO'N Y(1),RAN(1)

C
C SUBROUTINE TO GENERATE EXRONENTIAL RANDOM NUMBER
C OF SIZE N
C BY Y=-LN(X) 9 WHERE X -- UNIFORM RANI)OM NUMBER
C

DO 10 I=1,N
CALL RANOU(IXIYoRAN(1))
IX=IY

10 Y(I)=-ALOG(RAN(I))
RETURN
EN D)

SUBROUTINE RANDU(IXIYvqAN)
M=2**32
K=2**7,1
IY=MOD(I.K*K÷1,M)
RAN=FLOAT(IY)/FLOAT(M)
RETURN
END
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